A data set of 625 samples of benthic macroinvertebrates collected from the Hellenic Seas (Ionian and Aegean) was used to establish thresholds and reference standards for two of the indicators addressing the descriptors of Sea-floor Integrity under the Marine Strategy Framework Directive (MSFD): species diversity and richness and the ratio of sensitive species to tolerant species. The dataset was categorised according to the baseline ecological status assessment of the respective water bodies under the Water Framework Directive (WFD). Species diversity and richness were characterised using the Shannon diversity and species richness indices, respectively, and were analysed for three pre-defined substrate types, three depth zones and three sample-size categories, and the significant categories were statistically validated. Good Environmental Status (GEnS) threshold and reference values were established for the valid combinations of categories denoted as 'ecotypes' through the use of a boxplot and an analysis of variance. The limitations and specifications for an overall GEnS assessment using the above indices are highlighted based on the WFD experience. For the ratio of sensitive species to tolerant species, the BENTIX index classification scale is proposed for GEnS assessment, and an integrated approach to the assessment of diversity and species richness is suggested. Finally, the regionality of the tested indices in relation to the two Mediterranean sub-regions, including the Hellenic area, was tested.
Introduction
The Benthos Ecology Working Group (BEWG) of the International Council for the Exploration of the Sea (ICES) produced a viewpoint article addressing the ways in which the principles of the European umbrella regulations for water systems, the Water Framework Directive (WFD) and the Marine Strategy Framework Directive (MSFD), have been applied (Van Hoey et al., 2010) . The development of benthic indicators and the definition of 'pristine' and/or sustainable conditions are highlighted among the principles. The selection of appropriate indicators with complementary properties and related to the Directives' objectives, including the integration of single univariate indicators, was prioritised by the BEWG. Specifically, Van Hoey et al. (2010) stressed the need to improve the benthic indicators already developed in the context of the WFD to assess structural and functional benthic aspects in the MSFD. There is a greater need for the incorporation of these indicators in the case of the Sea-floor Integrity Descriptor (D6) due to its more integrative and complex character.
Later, Rice et al. (2012) produced an elaborate paper on Sea-floor Integrity indicators based on the report of the EU Sea-floor Integrity Task Group (TG) (Rice et al., 2010) . In this work, the potential indicators of the attributes of Sea-floor Integrity, their features, pressures and impacts are analysed and described. The way forward is envisaged as including the selection of proper indicators at a regional scale and the setting of reference levels for selected indicators at local scale.
The European Commission reached a decision (EC, 2010) concerning the principal criteria and indicators for use in the initial assessment by member states (MS). According to this Decision for Sea-floor Integrity, two criteria were set: 'Physical damage' and 'Condition of benthic community'. The following indicators were defined for the latter criterion: the presence of particularly sensitive and/or tolerant species (6.2.1.), indices assessing species diversity and richness and the proportion of opportunistic to sensitive species (6.2.2.) , the proportion of biomass or the number of individuals above a specified length/size (6.2.3.) and parameters describing the size spectrum of benthic communities (6.2.4.) .
An informative work by Borja et al. (2010) presents a way to apply the experience gained from the WFD to the implementation of the MSFD. The work outlines the overlaps and conflicts between the two directives. Subsequently, Borja et al. (2011) presented a methodological approach for the assessment of environmental status in the case of the Basque country, including indicators from the WFD.
The purpose of the present paper is to propose a set of indicators and their boundary values for GEnS (Good Environmental Status) for the MSFD regional seas of the Hellenic area [the Eastern Mediterranean (Aegean Sea) and the Central Mediterranean, including the Ionian Sea]. For this purpose, the paper employs the knowledge and experience in the implementation of some of these indicators already addressed within the WFD for assessing Good Ecological Status (GES).
The BENTIX (acronym for bENthic IndeX) was used for the classification of benthic macroinvertebrates in the implementation of the WFD in Hellenic coastal waters (HCMR, 2008) . BEN-TIX is a biotic index based on the concept of indicator groups and uses the relative contribution of two general ecological groups of taxa, the tolerant and the sensitive, weighting them according to the ratio of their occurrence in the benthic fauna. The index was designed for the Mediterranean benthic ecosystem and has been tested using various anthropogenic pressures, such as eutrophication and organic pollution (Simboura et al., 2005; Simboura & Reizopoulou, 2007 , 2008 , mining residues (Simboura et al., 2007) and aquaculture (Simboura & Argyrou, 2006) in Greece, Cyprus and the Western Mediterranean (GIG, 2008 (GIG, , 2012 .
The index has been successfully intercalibrated with other Mediterranean classification metrics through the Two-Phases Mediterranean Geographical Intercalibration Group (MED-GIG) Intercalibration (IC) exercise (GIG, 2008; . These other metrics include the AZTI's Marine Biotic Index (AMBI) (Borja et al., 2000) , the multimetric approach M-AMBI (Borja et al., 2004; Muxica et al., 2007) , the MEDOCC (from Mediterranéo Occidental) (Pinedo & Jordana, 2008) and the Benthic Opportunistic Polychaetes Amphipods index (BOPA) (Dauvin & Ruellet, 2007) . With this procedure, the index was tested by considering its response to gradients of selected disturbance factors. These factors included the organic carbon content of the sediment and a newly developed land-use pressure index, the Land Use Simplified Index (LUSI) (Flo et al., 2011) .
The present work addresses the indicators of Shannon diversity and species richness and the relationship of these indicators to the proportion of sensitive to tolerant species assessed by the BENTIX index under the MSFD.
Material and Μethods
A large data set, consisting of 625 benthic samples from stations throughout the Aegean and Ionian Seas and their embayments belonging to the Aegean and Levantine and Ionian-Mediterranean regional seas was used. The data were obtained from samples collected from various soft-bottom substrata and from depths ranging from 2 to 1350 m (Table 1) . The data were generated from projects conducted at the Hellenic Centre for Marine Research (HCMR) and were used for the initial assessment for the WFD ecological status classification for the Hellenic coastal waters. An analysis of variance was applied to the data with STATGRAPHICS CENTURION 2009, StatPoint Technologies, Inc. software.
To test the significance and variation of factors other than disturbance in shaping the values of diversity and species richness, the depth and substratum type for each sample were categorised in pre-defined classes according to the basic principles of benthic bionomy for the Mediterranean Sea (Pérès & Picard, 1964; Bellan Santini, 1994) . The sample size was not uniform for the data and was categorised according to three sample-size classes.
The BENTIX index was not included in this analysis because this metric's boundaries are intrinsically defined by a paired-metrics analysis across a pressure gradient and with weighting of indicator taxa. Moreover, BEN-TIX is not sample-size dependent because it is a biotic index. The BENTIX index is used for the assessment of GEnS under indicator 6.2.1 (presence of sensitive and/or tolerant species) and partly under indicator 6.2.2 (proportion of opportunistic to sensitive species) in conjunction with the other two indicators of 6.2.2, namely species diversity and richness.
These analyses served to categorise the data set (Table 2) according to four variables: Ecological Quality Status (EQS); as assessed under the implementation of WFD in Hellenic coastal waters (HCMR, 2008) ; sample size; substratum type and depth.
The EQS classes are defined as follows: high=1, good=2, moderate=3, poor=4 and bad=5.
The sample size was categorised as follows: category 1 for sample sizes less than 0.1 m 2 (usually 0.045 m 2 for the Ponar grab), category 2 for a standard sample size of 0.1 m 2 (for the Van Veen or Smith-McIntyre grabs) and category 3 for sample sizes greater than 0.1 m 2 (usually 0.15 or 0.2 m 2 for non-reducible aggregated samples). Almost all samples were processed through a sieve with a mesh size of 1 mm.
The substratum type was categorised as follows: category 1 for purely muddy sediments (more than 90% silt and clay); category 2 for heterogeneous mixed sediments of muddy sand or sandy mud with various admixtures of fine and coarser material and/or biogenic detritus; and category 3 for homogeneous pure sands (100% coarse material), gravel or stone without biogenic detritus. -80 1991 -80 ,1996 -80 NCMR 1992a NCMR 1997; HCMR 2001b; Simboura et al., 1998 ; Reizopoulou & Zenetos, 2005 Santorini island 14 20-380 1984 20-380 ,2007 20-380 NCMR 1989 HCMR 2009a Saronikos gulf 142 20-400 -2010 NCMR 1999 HCMR 2010e; Zenetos et al., 1994 ; Simboura et al., 1995a ; Webb et al., 2009 Sporades Thessaloniki gulf 26 6-28 1991 6-28 ,2001 6-28 ,2002 6-28 NCMR, 1994a NCMR 1996a; HCMR 2001a; 2003e. The depth was categorised as follows: category 1 for the infralittoral zone at a depth of 35 m or less, approximately to the lower limit of Posidonia beds; category 2 for the circalittoral zone from a depth of 35 m to a depth of 90 m; and category 3 for the lower circalittoral zone from 90 m to 250 m (corresponding to the 'open sea' biocoenoses) and the bathyal zone deeper than 250 m. Category 3 represents the 'open sea' or oceanic zone extending beyond the coastal zone of the WFD and covered exclusively by the MSFD.
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To determine the validity or significance of the above categorisation, an analysis of variance was performed for each factor, namely, the depth, sample size and substrata. A multiple range test was applied to identify the categories within each factor that differed significantly from the other categories.
After the statistical determination of the valid categories, similar categories were merged appropriately within each factor to obtain a secondary categorisation of the data corresponding to distinct combinations of conditions or 'ecotypes'. Following this 'ecotype' categorisation, the data were submitted to an analysis of variance of the two indicators, species richness (S) and diversity (H), across the EQS classes. Threshold values of GEnS were set at those levels at which there was a statistically significant difference in the indices values among the EQS classes, especially between class 2 (good) and 3 (moderate) for both indicators. The lower value of the lower quartile of the boxplot of the data (containing 50% of the frequency of values ranging around the mean) was used to set the threshold for class 2. In other cases of non-significant differences, simple statistics (the average and the range) will be presented as an indication of the variance.
results
The analysis of variance of the sample size, depth and substrata (Table 3) showed that all categories have a significant effect on the indicators. In general, the overall difference among the categories is statistically significant for both S and H except for the effect of sample size on H.
The statistical analysis of the differences in the indices between the pairs of categories shows that depth categories 1 and 2 do not differ significantly and that category 3 differs significantly from the other categories (especially for S). The analysis of substratum type shows that the indicators do not differ significantly for categories 1 and 3 and that category 2 differs significantly from the others.
The analysis of sample size shows that all pairs of categories only differ significantly for the value of the index S.
Based on the above results, the depth zones of 35 m or less and 35-90 m, denoted as 'coastal', will be merged into a single category for further analysis of the data in terms of the differences among the EQS classes. The 'oceanic' or 'open sea' zone will be treated separately. Similarly, the homogeneous substratum types of pure mud and sands (or very fine and very coarse substrata) will be merged into a single category in the analysis of data for EQS differences, whereas the heterogeneous substrata will be analysed separately. The sample-size classes will each be treated separately in the analysis of variance of the indicators among the EQS classes.
Based on the combined categories for the depth and the type of substratum defined above, the following four 'ecotypes', valid for each of the sample-size categories, emerge from the analysis: Ecotype A, coastal with homogeneous substrata; ecotype B, coastal with heterogeneous substrata; ecotype C, open sea with homogeneous substrata; and ecotype D, open sea with heterogeneous substrata. The boxplots in Figures 1 and 2 show the results of the analysis of variance of the indicators between the EQS classes in the cases for which the differences between the EQS classes are statistically significant for both indicators. The tables accompanying the graphs present the average value and the range of values for each indicator. The differences involving the 'good' and 'moderate' classes will be examined to set GEnS thresholds.
The results of the analysis of variance for S and H across the EQS classes for standard sample size and ecotype B are shown in Figure 1 . For this combination of factors, corresponding to the bulk of the data (276 samples), the differences among the classes are highly statistically significant for both indicators. The statistical significance of the differences between pairs of classes was also evaluated for all classes using multiple range tests. These differences proved significant for all pairs of classes with the exception of the difference between the 'high' and the 'good' class. thus, the threshold of the GEnS is set for S at S=40 species and for H at H=4.5 bits based on the lower quartile limit of the box in the 'good' class.
For the standard sample size and ecotype D (open seas and heterogeneous substrata), the analysis (82 observations) showed (figure 2) an overall significant difference for both indicators, but the 'good' class (2) is significantly different from the 'moderate' class (3) for H but not for S. The primary explanation for this result is that the 'good' class in this ecotype includes a group of stations with depths greater than 250 m (bathyal zone), whereas these depths are not represented in the 'moderate' class. More data are needed at this case to arrive at safe threshold setting, but indicatively a tentative threshold value for GEnS can be set at S=25 and H=4.5. Table 4 shows the results of the analysis of variance for the cases in which the differences among the classes were not significant, or an adequate range of EQS classes did not appear in the data and in which a threshold value could not be set.
The results of the analysis of variance for S and H across the EQS classes for the small sample size and ecotype A (coastal zone and homogeneous substrata) (38 observations) showed no significant difference among the classes for S, whereas a significant difference among the classes was found for H. However, the 'moderate' class is absent (Table 4a ).
The result of the analysis of variance for S and H across the EQS classes for the small sample size and ecotype B (52 observations) showed no significant differences for any of the indicators. Only the 'good' and 'moderate' classes appear in the data (Table 4b) .
For the standard sample size and ecotype C (open seas and homogeneous very fine substrata) (32 observations), the statistical significance of the differences was not highly significant for either of the indicators (Table  4c ). This result is due to the aggregation of stations at depths of approximately 300 m in the 'high' and 'good' classes. The data for these stations represent an excessively low number of species. In contrast, higher species numbers are found in the 'moderate' class, in which only stations at depths of approximately 90 m are pres- In the case of the large sample size and ecotype B (95 observations), significant differences were not demonstrated (Table 4d ). It appears that the differences among the classes are amplified for the larger sample size and increasing sampling effort. For the standard and large sample categories and ecotype A, the differences were not significant. Due to a low number of observations (25 in each case), these results are not presented.
Ecotypes A and C with homogeneous substrata are not represented by sufficient data covering all EQS classes. To obtain statistically substantive results, more data are needed for these cases. The small sample size appears not to be sufficient for threshold setting, whereas larger sample sizes may also mask differences.
The Hellenic area belongs to two MSFD subregions: the Aegean-Levantine subregion, including the Aegean Sea and its embayments, and the Central Mediterranean, including the Ionian Sea subregion with the Ionian and western Peloponnisos coasts. The MSFD guidelines contemplate the possibility of setting regional standards and thresholds for different subregions.
To test for a significant differentiation in the ranges or average values of these indicators between the two different Mediterranean subregions within the Hellenic area, an analysis of variance of S and H according to the location of the sample in the Aegean Sea or the Ionian Sea was applied to the ecotype B data with the standard sample size (to control for other factors influencing the observations). Only the data from the critical 'good' EQS class were analysed (Table 4e ). The analysis showed a non-significant difference between the areas. Note that higher values were found for the Ionian Sea. This result may be explained by a superior ecological quality or by the characteristics of the substrata.
The data from the Ionian areas are not abundant (13 stations), and the full range of EQS classes is not observed for the Ionian Sea (only 'high' and 'good' occur).
Nevertheless, it appears that the variance of S and H across the EQS classes follows the same pattern in both subregions. Accordingly, the two subregions need not, for the time being, be separated within a given ecotype.
From the above analysis, it appears that statistically significant differences over the entire range of the data, including the Aegean and Ionian Seas, were demonstrated only for ecotypes B and D and the standard sample size. In these cases, an entire range of four EQS classes from 'high' to 'poor' was represented. Thus, safe threshold values could be set.
Based on the above results and the BENTIX index methodology, Table 5 shows the GEnS thresholds in these two ecotypes for S, H and the BENTIX. The reference values for H and S are derived from the maximum values of these indicators observed in our data. Other statistically non-significant results presented may be used indicatively for GEnS assessment. However, an adequate confidence level is not available for these results.
Discussion
Diversity
According to Rice et al. (2012) , a variety of methods for measuring diversity are available. These methods include beta diversity along a gradient of diversity, alpha diversity at a site, and gamma diversity in multiple habitats. The beta diversity measures include the most frequently used index, the Shannon diversity index. The Shannon diversity index is the most frequently used diversity index in benthic studies conducted in the Hellenic area. The Shannon diversity index, developed from information theory, has been widely used and tested in various environments. The WFD guidance document (EC, 2003) for typology, reference conditions and classification states that 'methods combining composition, abundance, and sensitivity may be the most promising'. Moreover, according to Rice et al. (2012) , communities with GEnS are those with a few abundant species and many rare ones. Such communities show a high resilience potential in the face of moderate pressures because biodiversity buffers ecosystem processes and, through these processes, the ecosystem services that can be used sustainably (Loreau et al., 2002) .
However, the values of community diversity are influenced by the sample size, sampling methodology and species identification procedures. Moreover, seasonal natural variability and habitat type influence diversity and species richness. For these reasons, it is generally recommended that diversity and species richness be used with caution in ecological classification (Reiss & Kröncke, 2005; Salas et al., 2006) . According to the present study, sample size did not affect diversity significantly (Table 3 ). In contrast, sample size had a significant effect on species richness. It is probable that this difference occurred because the evenness component of diversity is independent of sample size. In contrast, it was shown that the significant influences on the variance of diversity include substratum type as the primary influence and depth as the secondary influence. The significant differences occurred between specific combinations of these factors or 'ecotypes'.
For each ecotype, the variance in diversity among the EQS classes was statistically important to a higher degree and at a higher frequency than the variance in species richness (Figs 1, 2 and Table 4 ). This result indicates that H is a more reliable indicator of the EQS than species richness.
Based on a large data series, Zenetos & Simboura (2001) and (with a modification to the boundary between 'good' and 'high') divided the Shannon-Wiener diversity index values into five categories. These authors' analyses applied primarily to mixed-sediment marine benthic habitats in Hellenic coastal waters. The class boundary between the 'moderate' and 'good' classes, corresponding to the GEnS threshold, was then set at 4 bits per unit.
In a recent work, Subida et al. (2010; , elaborating the results from a large dataset of soft-bottom macrofauna samples collected in several Mediterranean coastal areas affected by different ranges of organic enrichment, observed that diversity measures did not show monotonic patterns of response to the gradient of organic content, particularly at the low end of its range, whereas strong correlations were found between indicator taxa indices and a anthropogenic pressure-indicator gradient. This non-linear response of diversity to a pressure gradient may weaken the relationship among the multimetrics containing diversity, and the anthropogenic pressure indicators.
The absence of a monotonic response of diversity to pressure gradients may be explained by the Pearson & Rosenberg (1978) model of the variation of speciesabundance-biomass across a pollution gradient. Specifically, a transition zone between the disturbed and normal state occurs after the ecotone point. In this zone, the community often reaches a maximum in the number of species present in both adjacent environments (enriched and less enriched), whereas the abundance of species declines to the steady-state level usually found in normal communities. In these cases, diversity may be significantly high in a community that is still disturbed. These cases of disturbed communities with high diversity values may be detected by carefully examining the abundances of individual indicator species and the proportion of sensitive species to tolerant species.
In Mediterranean coastal water ecosystems that are naturally poor in sediment organic matter content, indicator taxa indices such as the MEDOCC (from Mediterranéo Occidental) (Pinedo & Jordana, 2008) , the Benthic Opportunistic Polychaetes Amphipods index (BOPA) (Dauvin & Ruellet, 2007) , the AZTI's Marine Biotic Index (AMBI) (Borja et al., 2000) or BENTIX appear to furnish a more reliable account of the response of benthic communities to moderate increments of organic content than diversity indices (Subida et al., 2012) .
The lack of statistically significant differences in diversity among the classes of EQS in several cases of ecotypes may be attributed primarily to the lack of sufficient data for all classes within each ecotype, but this result may also be due to the absence of a monotonic response of diversity to environmental pressures.
Species richness
The number of species in a benthic community varies greatly with depth and sediment type. A typical trend observed in the Mediterranean is a significant decrease in species number with depth. Food availability, related to depth, may also have a substantial influence on the levels of biodiversity.
In this study, substratum type was the second most significant factor after disturbance in terms of the relative influence on the species richness in a given biotope. Different communities (benthic assemblages associated with certain sediment types/depths) exhibit different species numbers. It is well established in benthic ecology that the sediment composition, particularly the relative contribution of finer or coarser particles to the homogeneity/heterogeneity of the substratum, the diversity of microhabitats and the retention of food resources, plays an important role in benthic community composition and structure (Gray, 1974; Gambi & Giangrande, 1986 ). The present study showed that the depth and type of substratum had a significant effect on species richness but affected diversity relatively less (Table 3) .
This study also showed that species richness differed between two general categories of substrata: homogeneous substrata and heterogeneous or mixed sediments. The first substratum category, consisting of homogeneous sediments, includes plain muddy sediments with mud (silt and clay) content greater than 90% and without significant amounts of biogenic fragments, but this category also includes pure sands with little or no fine particles or biogenic detritus. Muddy sediments are usually found in enclosed, shallow basins receiving riverine inputs or in bathyal plains, where terrigenous mud is accumulated. The second substratum category refers primarily to mixed sediments with a combination of fine and coarser materials.
In addition, a primary pattern in biodiversity, noted universally, is that the number of species asymptotically increases with the area sampled. The number of taxa and the diversity discovered in an area are proportional to the sampling and taxonomic effort exerted. As the results of this study show, it appears that small samples are not adequate for detecting the maximum potential species richness and diversity, especially at a high EQS level (Table 4a ). The number of species (S) found in a standard sampling unit can be a reliable measure of environmental stress.
The differences in species richness across EQS classes were always, as the F-ratios and P-values in Table 4 indicate, less significant than the diversity differences. This effect reflects the tendency for diversity, which encompasses evenness and is less dependent on sample size, substratum type and depth (Table 3) , to furnish a better description of the EQS gradient than that obtained from S. Thus, Shannon diversity may be a more reliable indicator than species richness. As shown by the boxplots, the range of S in each EQS class is often wider than the corresponding range of diversity, indicating the large variance of S within each ecotype and EQS.
GEnS thresholds and standards using BENTIX, H and S
The above analysis furnishes clear indications that the primary factor determining the range of indicator values, in addition to anthropogenic pressure and sample size, is the substratum structure and composition. Depth is a secondary factor, as has been well documented in the literature. For this reason, the entire data set from the Hellenic seas was categorised and statistically analysed to assess possible indicative thresholds for the 'good' class. The analysis also showed that small geographical scales within the same basin, at least for the Hellenic Seas, do not play any significant role in determining the range of indicator values. An analysis of variance and its graphical representation with boxplots showed that the threshold values for the 'good' class were statistically significant only in the case of ecotype B for both S and H and in the case of ecotype D for H. It is noteworthy that the threshold for H and ecotype D is identical to the threshold of H for ecotype B, although the threshold for S and ecotype B is almost double compared to the indicative S threshold for ecotype D. This can be explained by the observations of Karakassis & Eleftheriou (1977) from the continental shelf of Kriti and of Simboura et al. (2000) from the Kyklades plateau, that in the oligotrophic eastern Mediterranean the evenness of distribution increases with depth, while species richness is reduced. Thus, in relatively undisturbed deep zone communities, species richness maybe low while diversity may not be significantly influenced.
Generally, H proved more relevant to EQS than S. The threshold value of diversity set according to the biostatistical method is more stringent than the scheme of Zenetos & Simboura (2001) , which is based on expert judgment.
The relatively low agreement of these two indicators with EQS may be explained by the dependence of these indicators on different habitats or ecotypes, as also noted by Borja et al. (2010) , and by the lack of strong monotonic relationships with anthropogenic pressure gradients.
Even in the case of a statistically significant threshold (ecotype B) in the 'good' class, the overlap of the boxplots among classes shows that the evaluation of EQS should be conducted with caution and also in combination with the results for other indicators.
However, in the case of statistically non-significant differences in certain ecotypes, the range of the main body (50%) of values around the mean may also be useful for the evaluation of ecotype status.
A threshold value (Table 5) is set based on the rationale that if the value of an index reaches or surpasses the threshold, a GEnS can then be assumed if the other indices are also considered. However, if an index value is lower than the threshold, a GEnS cannot be excluded because lower values of the index may be justified by many other factors, including sampling effort, substratum characteristics (especially concerning the percentages of fine particles relative to coarser particles), the presence of other materials, seasonal variations or the level of taxonomic expertise. It can reasonably be assumed that the normality of the distribution of these indices is driven by the variation in the above factors, especially by the particle composition of the sediments.
Note that the threshold values given in Table 5 for diversity and species richness correspond to a sample size of 0.1 m 2 , heterogeneous sediments and a high level of taxonomic expertise.
As Borja et al. (2010) showed, the global status of an area assessed by different ecological quality elements may be assessed with a weighting system that sums or integrates the results for the different indicators on the global scale of the Ecological Quality Ratio (EQR) de-veloped under the WFD. Borja et al. (2011) show how the Sea-floor Integrity descriptor can be assessed by averaging the values of its criteria or indicators according to EC(2010) ,then weighting their contributions to the global area status and summing the EQR results of all GEnS descriptors. In the same context, Rice et al. (2012) note that the assessment of the GEnS in an area should be an integrative process incorporating all Sea-floor indicators and should not follow a weighted scoring system that averages the results obtained from each indicator.
In the case of non-discrete EQR values for H and S, a generally good rule is that at least two of the three indices chosen should pass the threshold values to assume a GEnS.
However, cases of moderate EQS, as assessed by the BENTIX index with values of diversity and species richness higher that the thresholds set (indicating GEnS), should be examined carefully for underlying ecotonal zone (not 'good' environmental status) and/or substratum/habitat particularities (e.g., the proximity of Posidonia meadows).
A factorial analysis incorporating all three indicators (H, S and BENTIX) would distort and obscure the actual state of the benthic community.
The M-AMBI index, which incorporates diversity with a biotic index, has been shown to overestimate the status of Hellenic ecotonal zones whose status is near the border between 'good' and 'moderate' (Simboura & Argyrou, 2010) and to produce mismatches in the assessment of ecological status with other biotic indices in Mediterranean coastal ecosystems (Subida et al., 2012) . This result is attributed, in part, to the double weighting of diversity (directly as H and indirectly as S) by the index. Compared with the other indices tested in the Mediterranean ecoregion, however, the M-AMBI index showed the closest agreement with BENTIX in the critical area of 'moderate' to 'good' (GIG, 2012 ).
An analysis of inter-relationships among the biotic indices and those including diversity, such as M-AMBI, over the global Mediterranean dataset (Subida et al., 2012) showed that the best correlations were observed for the MEDOCC index with AMBI or BENTIX, depending on the region, whereas BOPA showed high correlations with AMBI. Significant correlations were also found between BOPA, MEDOCC and BENTIX. M-AM-BI was more highly correlated with its diversity components than with AMBI, and, consequently, M-AMBI was less highly correlated with the pressure gradients than with AMBI. If the indices were tested only on data from the Eastern Mediterranean, the best agreement was between BENTIX and MEDOCC, followed by M-AMBI, whereas the highest percentage of mismatches was found between AMBI and BOPA (Simboura & Argyrou, 2010) .
However, Grémare et al. (2009) highlighted a weakness in the way biotic indices such as the AZTI Marine Biotic Index (AMBI) and the Benthic Quality Index (BQ-I ES ) (Rosenberg et al., 2004) assess sensitivity/tolerance levels over large geographical areas and habitats. Borja et al. (2010) recommend the use of the principle of reference conditions defined according to WFD as an adaptation for setting the environmental quality standards for MSFD indicators as well.
An approach to establishing the reference levels for H and S was developed to use such metrics in relation to multimetric indices (e.g., M-AMBI) for the Hellenic ecosystems. These values were set as H=6 and S=110-120 for mixed and phytal benthic sediments and H=5 and S=40 for muddy sediments (greater than 80-85% mud) (Simboura & Reizopoulou, 2008) . These values correspond to the median values of the best available sites increased by approximately 10% of the absolute difference between the lower anchor and the median value and were set exclusively for use with the M-AMBI software.
The reference conditions under WFD correspond to the values under very minor anthropogenic disturbance (pristine sites). The thresholds for GEnS and the standards for 'high' environmental status for Diversity (Table  5) generally agree with the ranges given in Zenetos & Simboura (2001) and (UNEP/MAP, 2004) for the Mediterranean, but the GEnS threshold set herein (4.5) is somewhat more ambitious.
The above analysis on the "behaviour" of each diversity indicator will help to assess the environmental condition of benthic communities in conjunction with the consideration of many other factors included in the Commission Decision (EC, 2010) and the Management Group report (Cardoso et al., 2010) , including species dominance, biological traits analysis, trophodynamics, contaminants, substratum condition, and the size structure of benthic communities. These factors are also essential for the assessment of GEnS based on specific criteria.
The issue of regional scales in the implementation of the MSFD is clarified by previous experience with the WFD. The results of this previous experience show that for both the benthic macroinvertebrate element and the macroalgae element, no differentiation in typology was found to affect the application and boundaries of the various benthic indices tested. Only the phytoplankton biomass quality element was relevant to certain typology within the Mediterranean, related primarily to salinity and freshwater inputs (GIG, 2008) . According to Borja et al. (2010) , experience with typology under the WFD should also be beneficial for the implementation of the MSFD in relation to regional settings and standards. The model of the succession of macroinvertebrate ecological groups is the foundation of the design, structure and optimum performance of the various biotic indices. As Simboura & Argyrou (2010) indicate, this model can only be related to a certain extent to this factor of freshwater input affecting salinity levels within the Mediterranean. The factor of salinity affected by freshwater inputs may also affect the threshold setting of the above benthic indicators of species richness and diversity within the MSFD. However, this factor shows almost no variation in the marine waters studied within the Hellenic area. Other natural factors, such as substratum composition and depth related to food availability, appear to configure the levels and thresholds for these indicators in the area studied.
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